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Abstract
Background: Information technology (IT) may improve the quality, safety and efficiency of medicine, and is
especially useful in intensive Care Units (ICUs) as these are extremely data-rich environments with round-the-clock
changing parameters. However, data regarding the implementation rates of IT in ICUs are scarce, and restricted to
non-European countries. The current paper aims to provide relevant information regarding implementation of IT in
Flemish ICU’s (Flanders, Belgium).
Methods: The current study is based on two separate but complementary surveys conducted in the region of
Flanders (Belgium): a written questionnaire in 2005 followed by a telephone survey in October 2008. We have
evaluated the actual health IT adoption rate, as well as its evolution over a 3-year time frame. In addition, we
documented the main benefits and obstacles for taking the decision to implement an Intensive Care Information
System (ICIS).
Results: Currently, the computerized display of laboratory and radiology results is almost omnipresent in Flemish
ICUs, (100% and 93.5%, respectively), but the computerized physician order entry (CPOE) of these examinations is
rarely used. Sixty-five % of Flemish ICUs use an electronic patient record, 41.3% use CPOE for medication
prescriptions, and 27% use computerized medication administration recording. The implementation rate of a
dedicated ICIS has doubled over the last 3 years from 9.3% to 19%, and another 31.7% have plans to implement
an ICIS within the next 3 years. Half of the tertiary non-academic hospitals and all university hospitals have
implemented an ICIS, general hospitals are lagging behind with 8% implementation, however. The main reasons
for postponing ICIS implementation are: (i) the substantial initial investment costs, (ii) integration problems with the
hospital information system, (iii) concerns about user-friendly interfaces, (iv) the need for dedicated personnel and
(v) the questionable cost-benefit ratio.
Conclusions: Most ICUs in Flanders use hospital IT systems such as computerized laboratory and radiology
displays. The adoption rate of ICISs has doubled over the last 3 years but is still surprisingly low, especially in
general hospitals. The major reason for not implementing an ICIS is the substantial financial cost, together with the
lack of arguments to ensure the cost/benefit.
Background
Over the past decades there have been substantial
changes in medicine, with more effective but also
increasingly complex therapies. This results in an
increased life expectancy on the one hand, but also in
an increased number of medical errors on the other
hand. In 2003, the Institute of Medicine published the
groundbreaking report “To err is human, building a
safer health system”. This report estimated that at least
44,000 people die in US hospitals each year as a result
of medical errors that could have been prevented [1].
Furthermore, the progress in medicine is at least par-
tially responsible for the increasing health care cost,
which has risen exponentially over the last two decades.
At present it even comprises between 10 to 16% of the
gross domestic product in developed countries. Several
organisations claim that Information Technology (IT)
could contribute in a significant way to improving the
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quality of health care while at the same time controlling
costs [2]. However, until now, no strong evidence has
been provided.
The intensive care unit (ICU) has several typical char-
acteristics which make it favorable for computerization,
because caring for the critically ill is even more com-
plex, resulting in substantially higher numbers of medi-
cal errors and costs [3,4]. Donchin et al. reports an
incidence rate of 1.7 errors per patient per Intensive
Care Unit (ICU) day and several other authors have
confirmed that the ICU is a very unsafe environment
[5-9]. In addition, the cost of intensive care medicine is
exorbitant and can be as high as 0.5 to 1% of the gross
domestic product [10]. Various US critical care organi-
zations made some recommendations to the government
in 2004 in answer to what they called “the critical care
medicine crisis”. Their second recommendation was that
“information technology should be leveraged in critical
care to promote standardization and improve efficiency”
and that “information technology is a key factor in the
future of intensive care medicine delivery” [10-12].
For the above reasons it is advisable to study the cur-
rent level of intensive care computerization, both for
general and dedicated specialized IT applications used
in the ICU. General IT applications are the electronic
patient record, the computer laboratory system (also
known als the Global Laboratory Information Manage-
ment System (GLIMS)), the computer radiology system
(i.e. Picture Archiving and Communication System
(PACS)), and the Computerized Physician Order Entry
(CPOE) applications. The term CPOE can be confusing
however, because some authors restrict its use to pre-
scribing medication, and add the term “order communi-
cation system” for laboratory and radiology requests. In
this paper, we will use CPOE in the broader sense, and
we will specify reference to medication CPOE, labora-
tory CPOE or radiology CPOE. The dedicated IT solu-
tion for the ICU is often described as an ICU Patient
Data Management System (PDMS), but we prefer the
term “Intensive Care Information System” (ICIS), which
describes the broader functionalities of more advanced
IT programs better, i.e. doing more than mere data sto-
rage and representation. These systems are developed in
order to meet the specific requirements to optimize data
processing and workflow support in critical care medi-
cine. In our survey, an ICIS has to fulfil all of the fol-
lowing conditions: (i) automated collection of
physiological and monitoring variables from monitors
and ventilators, (ii) incorporation of CPOE for medica-
tion prescription and (iii) one bedside personal compu-
ter for every ICU bed.
In this paper, the present IT adoption rate in ICUs in
Flanders (Belgium) is evaluated, as well as its evolution
within a 3-year time frame. This includes both the use
of general hospital information system components such
as the electronic patient record, CPOE for medication,
radiology and laboratory requests and the computerized
display of these results, as well as ICU-specific IT soft-
ware such as ICIS. Furthermore, we have explored the
main benefits and obstacles for taking the decision to
implement an ICIS as perceived by ICU directors.
Methods
This study is based on two separate but complementary
surveys conducted in the region of Flanders.
Survey development
The first survey was performed in January 2005 and
consists of a written questionnaire which was sent to
the medical directors of all Flemish ICUs. Six weeks
later the non-respondents were sent a reminder. After
another month the remaining non-respondent ICU
directors were contacted by phone, and a second remin-
der was sent when necessary.
The second survey was carried out in October 2008
(i.e. 3.5 years after the first survey). This telephone sur-
vey was carried out by K.C., who interviewed each ICU
director, or the ICU head nurse if the medical director
suggested that the head nurse was the more competent
person regarding IT use in the ICU.
The Local Ethical Committee of Ghent University
Hospital approved the study, and informed consent was
waived. All answers were kept confidential.
Region of interest
Flanders has 6,117,440 inhabitants and represents the
largest region of the federal state of Belgium. The fed-
eral state contains 10,580,000 inhabitants. The Region of
Flanders had a total of 54 ICUs in 2005, and a total of
63 ICUs in 2008. Differences between these two num-
bers are mainly due to changing alliances between hos-
pitals, or new approved ICUs (all part of general
hospitals) which have been approved by the government.
All these ICUs provide mechanical ventilation and are
approved by the national government (as listed on
http://www.health.fgov.be). They are located in three dif-
ferent types of hospitals: general hospitals (52/63 or
82.6%), tertiary non-academic referral hospitals (8/63 or
12.7%), and university hospitals (3/63 or 4.7%). General
hospitals have approximately 250 to 700 beds, tertiary
non-academic referral hospitals 500 to 1,100 beds and
university hospitals 700 to 1,600 beds. The number of
ICU beds consists of 5 to 7% of the total number of
hospital beds (excluding post-anaesthesia care beds, spe-
cific coronary care unit beds and neonatology beds).
Especially the larger hospitals have 24/7 junior or senior
critical care physicians available, whereas smaller ICUs
usually have anesthesiologist-intensivists (with board
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certificate in critical care) who combine their anesthesia
care with intensive care.
Domains of interest
For the construction of the surveys, five domains of
interest were selected:
1. Use of general IT programs within the ICU,
such as the use of the electronic patient record,
computerized display of laboratory and radiology
results, CPOE for laboratory and radiology requests,
CPOE for medication prescription and computerized
recording of medication administration;
2. Use of an ICIS in the ICU, or the intention to
implement an ICIS in the near future;
3. The level of integration between the available
ICIS and the Hospital Information System such as
administrative data exchange, connection to the
pharmacy information system for automatic medica-
tion ordering and dispensing, and automatic billing;
4. The effective use of highly detailed data extrac-
tion from implemented ICISs;
5. The decision-making process in implementing
an ICIS, including recording of the perceived bene-
fits and obstacles by the ICU management decision
makers.
Statistics
Statistical analysis was performed using the SPSS 15
software package. The chi-square test was used to com-
pare proportions. A P-value less than 0.05 was consid-
ered statistically significant.
Results
For the 2005 survey, we obtained 31 responses from the
54 hospitals which had been selected for the study,
representing a response rate of 57.4%. Twenty-six of
these hospitals (83.9%) were general hospitals, 3 (9.7%)
were tertiary non-academic referral hospitals and 2
(6.4%) were university hospitals. The number of ICU
beds per ICU varied between 6 and 56.
For the 2008 telephone survey, a 100% response rate
was obtained (63/63). It must be stressed that both the
2008 telephone survey and the 2005 questionnaire
probed into the use of hospital information system com-
ponents and the availability of ICIS. For this reason, the
results concerning the IT adoption rate, and its evolution
over time, are highly accurate. The results regarding the
benefits of and obstacles for implementing an ICIS have
mainly been derived from the 2005 written questionnaire.
1) Use of general IT programs within the ICU (Figure 1)
• Electronic patient record
In 2008, 41 out of 63 ICUs (63.1%) use the hospital
electronic patient record within the ICU. This is a lim-
ited increase compared to 2005 (16/31 ICUs or 51.6%).
Of these 31 hospitals, an additional 7 ICUs shifted to an
electronic patient record during the 3-year time frame.
• Medication CPOE and the computerized recording
of medication administration
A larger proportion of ICUs report using medication
CPOE in 2008 compared to 2005: 41.3% vs. 19.3%. Cur-
rently, 11 of these CPOE programs are part of an ICIS,
7 have been bought commercially for use in the entire
hospital and another 8 CPOE programs are hospital-spe-
cific and have been developed in-house. Many of the lat-
ter less sophisticated programs needed extensive
adaptations, however, especially for continuous infusion
pump recording. Another 5 ICUs are using Microsoft
Office documenting (i.e. Excel), but as this software has
not been developed specifically for medication CPOE we
did not include it as such. One ICU that implemented
an ICIS more than a decade ago still uses paper-based
medication prescriptions, and chose to discard the avail-
able CPOE functionality due to integration problems
with the pharmacy department. It is important to note
that only 6 of the CPOE programs that are not part of a
dedicated ICIS also provide facilities for computerized
medication administration recording by the nursing
staff. In the other ICUs, print-outs of the medication
CPOE are taken and used as part of the paper charts.
• The computer laboratory system.
At present, every Flemish ICU uses the computerized
display of laboratory results, whereas this was only 70.9%
in 2005 (see Figure 1). However, the number of ICUs that
use CPOE for laboratory requests is still extremely low
(6.3% in 2008 vs. 3.2% in 2005), and half of them does this
by using the built-in functionalities of their ICIS.
• The computer radiology system (i.e. The Picture
Archiving and Communication System (PACS)).
A larger proportion of ICUs report using the compu-
terized display of radiology results and the CPOE mod-
ule for radiology requests in 2008 compared to 2005
(93.5% vs. 41.9%; 7.9% vs. 0%) (as presented in Figure 1).
2) Use of an ICIS in the ICU, or the intention to
implement an ICIS in the near future
In 2008, 12 out of 63 ICUs (19%) had implemented an
ICIS and another 20 (31.7%) ICUs were planning to
implement a system within the next 3 years (i.e. before
2012), of which 5 were scheduled to go live in 2009.
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In 2005, 5 out of 31 (16.1%) of responding hospitals
had an ICIS in place. Another 7 hospitals (22.5%) had
the intention of implementing an ICIS within the next 3
years (i.e. before 2009), while the remaining 19 hospitals
(61.3%) had no explicit intention to implement an ICIS.
None of the seven ICUs from the 2005 survey which
intended to adopt an ICIS within the following 3 years,
actually did so. Finding adequate financing, together
with anticipated integration problems with the hospital
information system, were the main reasons for postpon-
ing the implementation. However, 3 hospitals which
showed no interest in adopting an ICIS in 2005, did
implement an ICIS before the end of 2008 (cf. Table 1).
There is a significant correlation between the type of
hospital and the availability of an ICIS (P < 0.001) (Fig-
ure 2). ICUs with ICISs also have a significantly higher
number of ICU beds (average 23.9 vs. 11.5 beds).
All ICISs are commercial systems, and the market is
shared between a variety of software vendors (as repre-
sented in Table 2).
3.) The level of integration between the available ICIS and
the hospital information system
Integration with the hospital information system for
administrative data exchange, the so-called admission,
discharge and transfer (ADT) coupling, has been carried
out in 83% of ICISs, and most systems are integrated
with the electronic patient record and laboratory system
as well. Direct integration with the radiology system and
the pharmacy department on the one hand, and ICIS on
the other hand is technically more demanding, resulting
in an integration rate of only 25%.
4) The effective use of highly detailed data extraction
The regular use of data extraction tools for management
or scientific purposes is still limited (4 out of 12), and is
only accomplished in university or tertiary non-aca-
demic referral hospitals.
5) The decision-making process in implementing an ICIS,
including the benefits and obstacles perceived by the ICU
decision makers
Data are obtained from the written 2005 questionnaire.
The main anticipated benefits of an ICIS according to
ICU directors are listed in order of importance in Table
3. The main concerns of buying an ICIS are listed in
order of importance in Table 4. These major drawbacks
are the cost, the need for dedicated personnel, and pro-
blems of integration with other hospital information
systems.
Almost 40% of ICU directors are convinced that
investing in an ICIS should be a top priority for their
Figure 1 Implementation and usage rate of general IT
components within the ICU. Medication CPOE = medication
prescription by computerized physician order entry; Medication
administr. recording = computerized recording of medication
administration; Laboratory CPOE = computerized physician order
entry of laboratory tests; Laboratory display = computerized display
of laboratory results; Radiology CPOE = computerized physician
order entry of radiology requests; Radiology display = computerized
display of radiology images and/or protocol.
Table 1 Number of ICIS implementations in 2005-2008
2005 (n = 54) 2008 (n = 63)
ICIS, n (%) 5 (9.3%) 12 (19.0%)
ICIS uptake <3 years, n (%) 7 (13.0%) 20 (31.7%)
No ICIS, n (%) 42 (77.7%) 31 (49.2%)
ICIS: ICIS already implemented; ICIS uptake <3 yrs: intention of implementing
ICIS within the next 3 years; no ICIS: no ICIS available or planned within the
first 3 years.
Figure 2 Implementation rate of ICIS as a function of the type
of hospital. Tertiary non-acad. Hospital: Tertiary non-academic
Hospital
Table 2 Implementation rate of different commercial
ICISs in Flemish ICUs
Product Vendor n
Centricity™ Critical Care GE Healthcare IT 3
ICM Dräger 1
ICIP Critical Care/Care Vue Chart Philips 3
MetaVision® Clinical Information System iMDsoft 3
Picis Critical Care Manager Picis 1
QCare ICU Critical Care Company (C3) 1
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ICU. However, around 80% of ICU directors doubt
whether there is enough evidence to ensure the cost/
benefit of an ICIS.
The major reason for not implementing an ICIS is the
substantial financial cost. One hospital even invested in
a new paper medical record recently. The extra cost per
ICU bed for installing an ICIS ranged between 20,000
and 25,000 Euros, which is a substantial investment.
Twenty-nine out of 31 respondents hold the opinion
that the government should finance at least 40% of total
costs, and 1 out of 3 hospitals even feel that governmen-
tal financial assistance should cover over 70% of the
implementation cost. Some ICU directors in our study
even suggest full reimbursement by the government.
Discussion
To our knowledge, this is the first study evaluating the
actual use of IT applications in the critical care environ-
ment in a European country, together with its evolution
over time. We have evaluated both the adoption rate of
hospital-wide IT-applications, which are part of the hos-
pital information system, as well as the use of dedicated
ICU IT applications (i.e. ICIS).
In our study, we found that laboratory results and
radiology images are digitally available and are used in
respectively 100% and 93.5% of the Flemish ICUs. But
the use of IT for computerized requests of laboratory
analyses and radiology investigations is still rare.
Although few surveys have been conducted in this
respect, we have noted substantial national variability
regarding this issue [13-18]. In line with our results, Jha
et al. also found a low adoption rate of 12% of U.S.
ICUs using computerized requests for laboratory orders
[17]. However, Lapinsky has found that 52% of Canadian
ICUs use computerized laboratory and radiology
requests [13]. The reason for this substantial difference
is unknown. Regarding the computerized prescription of
medication, we note that Flemish ICUs make more use
of it (i.e. 41.3%) than Canadian (22%) or American ICUs
(5 to 15%) [13-16]. The higher adoption rates of medica-
tion CPOE in contrast with the low adoption rates for
laboratory and radiology CPOE may perhaps partly be
attributed to the increasing number of publications
showing that medication CPOE can improve care by
reducing medication errors [19-26].
In Flanders, the ICIS adoption rate is currently 19%
and this low rate correlates well with the rate mentioned
in the Canadian report by Lapinsky et al.[13]. However,
in the latter survey, only 7 out of 50 ICUs (14%) capture
data directly from patient monitors, and merely 6% are
connected to infusion pumps or ventilators [13]. Our
second survey in 2008 showed that by the end of 2009
the ICIS adoption rate would have increased to 26.9%.
However, these adoption rates can be an overestimation,
as many ICUs intend to implement an ICIS, but fail to
do so. Therefore, in August 2010, we contacted the 5
Flemish ICUs of our study once more. In the 2008 sur-
vey these ICUs had expressed their plans to implement
an ICIS in the near future (i.e. before 2010). Only one
out of these 5 ICUs delayed the project due to financial
reasons, which gives an actual ICIS implementation rate
in Flanders of 25.3% (16/63).
In line with the survey by Jha et al. the Flemish larger
and teaching hospitals are the leading ICUs investing in
an ICIS (see Figure 2) [17]. Possibly the innovative role
of teaching centres, the more powerful financial possibi-
lities and the interest in scientific research facilitated by
data extraction, have influenced the ultimate decision to
surmount the barriers to implementation. However,
there is a remarkable gap between the initial enthusiasm
in data extraction and the actual use of it, as only 4 out
of 12 ICUs query and use refined data for management
or research purposes. The specific expertise needed to
perform complex database queries remains an important
obstacle, despite the availability of commercial data
extraction software packages which reduce the need for
extensive knowledge of the Structured Query Language
(SQL) and the exact relational database structure.
In contrast to the USA or the UK, there are no Flem-
ish governmental financial incentives for the computeri-
zation of ICUs [27,28]. Yet this survey shows that
especially the high cost associated with the purchase
and implementation of an ICIS is the most important
Table 3 Main anticipated benefits of switching from
paper charting to an ICIS
1. Automatic compact archiving;
2. Improved exchange of information between the different caregivers;
3. More complete and automatic data acquisition;
4. Higher quality of care with prevention of errors, in the first place
medication errors;
5. Automatic calculation of scores and support for coding (e.g. APACHE II,
SOFA, SAPS, TISS);
6. Automatic reporting and automatic generation of discharge
documents;
7. Data extraction possibilities.
APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA:
Sequential Organ Failure Assessment; SAPS: simplified acute physiology score;
TISS: Therapeutic Intervention Scoring System.
Table 4 Main drawbacks to buying an ICIS
1. Financial cost for initial implementation, maintenance and upgrading;
2. The need for dedicated IT personnel for configuration and end-user
training;
3. Integration with the hospital information system;
4. Reliability;
5. Confidentiality issues;
6. Need for infrastructure adaptations.
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obstacle (see Table 4). This finding is supported by the
general literature on this issue [13,17]. It is, nevertheless,
clear that governments are highly interested in optimis-
ing the cost-efficiency of intensive care medicine and
are hence interested in detailed data on resource use
and outcome. This would allow them to shift to a form
of performance-based financing in the future. Therefore,
financial incentives for a complete computerization of
ICUs could result in a win-win situation both for the
ICUs and for the government.
In our survey, it became clear that ICISs are not
always used to their full capacity. In fact, two Flemish
centres which implemented an ICIS experienced major
difficulties in linking their systems to the hospital infor-
mation system. These problems created failure for auto-
mated charting in one hospital, and failure of the
pharmacy linking in the other. Furthermore, at least 5
other hospitals admit that the implementation schedule
of an ICIS has been significantly delayed due to integra-
tion problems with the hospital information system and/
or pharmacy department.
There are several limitations to our study. First, the
response rate of the 2005 survey was only 57.5%. Never-
theless, this is in accordance with other response rates
of similar written questionnaires [13,17]. We should also
note that there was probably an important responding
bias to the initial written questionnaires in 2005, which
appear to include among the respondents particularly
ICUs which had already implemented an ICIS. Further-
more, the non-respondents in this first survey admitted
later in the telephone survey of 2008 that they did not
return the questionnaire especially because they were
not computerized. This means that the perceived imple-
mentation rate of 16.1% in 2005 was clearly an overesti-
mation, and was actually only 9.3% (i.e. 5 out of 54
ICUs). Therefore, we can draw the relevant conclusion
that the ICIS implementation rate in Flemish ICUs
doubled from 2005 to 2008 to the level of 19% and
increased further in August 2010 to 25.3%.
Second, we did not use a validated questionnaire. This
implies limited applicability for parallel follow-up study.
Finally, the responses indicate self-reported IT imple-
mentation rather than direct observation.
Conclusions
Nearly all ICUs in Flanders use hospital-wide available
IT applications such as computerized laboratory and
radiology displays, although the computerized request
for laboratory and radiology is still an exception.
Furthermore, the adoption level of medication CPOE
and ICIS remains relatively low. The implementation
rate of ICISs has nearly doubled over the last three
years, and has the potential to increase to 50% by the
end of 2011. Major obstacles to implement specialized
IT solutions are the high initial costs and maintenance
costs, the complexity of integrating ICISs with existing
hospital-information systems, and the unclear return on
investment.
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